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ABSTRACT—During a field survey of macrofungi from Kasur and Narowal districts, Punjab, 
Pakistan, some collections were found morphologically similar to species of Chlorophyllum. 
Their morphological and molecular analyses revealed two species, Chlorophyllum hortense 
(a new record from Pakistan) and C. molybdites (confirming a previous Pakistani record that 
lacked phylogenetic and detailed micro-morphological analyses). 
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Introduction 

Chlorophyllum Massee is a relatively small genus in the Agaricaceae 
(Vellinga 2004b, Vellinga & al. 2011, Ge & Yang 2006). Species within 
this genus are saprobic, distributed in tropical to temperate regions of 
the world, and often found growing in urban and rural habitats (Vellinga 
2004a). The genus varies from agaricoid, secotioid to gasteroid in habit. 
Agaricoid species are characterized by a hymenodermal pileus covering, 
smooth stipe, and basidiospores that either lack a germ pore or have a germ 
pore caused by a depression in the episporium without a hyaline covering, 
and a white, green, brownish or brown spore print (Vellinga 2003a, 2004b; 
Vellinga & al. 2011, Ge & Yang 2006, Crous & al. 2015, Loizides & al. 2020). 
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Chlorophyllum was previously recorded from Pakistan by Razaq & Shahzad 
(2012), who provided descriptions and illustrations of C. molybdites and 
C. rhacodes [as Macrolepiota rachodes], but without phylogenetic analyses 
and more detailed descriptions these cannot be accepted as authenticated 
identifications. Our research focuses on the identification of Chlorophyllum 
specimens collected in Kasur and Narowal districts of Punjab, Pakistan. The 
identification of taxa is based on both morphological characters and nrDNA 
ITS phylogenetic sequence analysis. 


Material & methods 

The samples were collected from Kasur and Narowal district, Punjab, Pakistan 
during monsoon of 2015 and 2019. 

The Köppen-Geiger climate classification (Geiger 1954, 1961) describes the 
climate of Kasur district as warm semi-arid. Ground vegetation was sparse at the 
collection site, with patches of grass along the bank of BRB canal. Dominant tree 
species include Dalbergia sissoo DC. and Vachellia nilotica (L.) P.J.H. Hurter & 
Mabb. Köppen-Geiger (Geiger 1954, 1961) classifies the Narowal district as humid 
subtropical. The collection site was a grassy ground. Broad-leaved tree species 
including D. sissoo and Eucalyptus camaldulensis Dehnh. were observed 30-50 m 
away from the collection site. 

The specimens were photographed at the sampling site, and the macroscopic 
characters were recorded in the field. Munsell (1975) was followed for color notation. 
The specimens were air dried for further analyses and deposited in the Herbarium of 
University of the Punjab, Quaid-e-Azam Campus, Lahore, Pakistan (LAH). 

For microscopic studies, tissues from different parts of the basidiomata were 
rehydrated in KOH (2%) and mounted in Congo red (1%). Micro-morphological 
features were measured using calibrated Motic Images Plus 2.0 software. Genomic 
DNA was extracted using Extract-N-Amp” kit following manufacturer's instructions. 
PCR amplification of the internal transcribed spacer region was carried out using 
ITS1F/ITS4 primer combination (White & al. 1990, Gardes & Bruns 1993). PCR 
products were purified and both strands were sequenced from Beijing Genomic 
Institute (BGI), PR. China. 

For phylogenetic analysis, consensus sequences were generated in BioEdit (Hall 
1999) and BLAST searched at NCBI (https://www.ncbi.nlm.nih.gov/) to retrieve 
the sequences of closely related Chlorophyllum spp. from the database. Sequences 
mentioned in the published literature were also included from the database in final 
ITS matrix to represent different sections in the genus (Ge & al. 2018). Agaricus 
campestris L. was chosen as the outgroup. All the sequences were aligned online 
using MUSCLE (Edgar 2004). The final aligned data set was analyzed through 
MEGA 6.0 software for reassessing the phylogeny. Tamura 3-parameter (Tamura 
1992) was selected as evolution model for maximum likelihood analysis using best- 
fit substitution model approach in MEGA (Tamura & al. 2013). A discrete gamma 
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Figure. 1. Molecular phylogenetic analysis of ITS sequences of Chlorophyllum species. Section 
names are given on the right. The sequences generated during this study are marked with bullets. 
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distribution was used to model evolutionary rate differences among sites (5 categories 
(+G, parameter = 0.2606)). 


Phylogenetic results 

The ITS dataset included a total of 125 nucleotide sequences. There were 
a total of 726 positions in the final matrix. All positions were used in the 
analysis. Among these positions, 477 were conserved, 227 were variable, 
183 were parsimony informative. The maximum likelihood tree is given in 
FIGURE 1. There were total six major clades representing six infrageneric 
groups and an outgroup. The topology of the tree is similar to the previous 
phylogeny reconstructed by Ge & al. (2018). The sequences from Pakistani 
collections clustered within C. sect. Chlorophyllum Massee (C. molybdites) 
and C. sect. Ellipsoidospororum Z.W. Ge (C. hortense) along with similar 
sequences of Chlorophyllum species from different parts of the world. 


Taxonomy 


Chlorophyllum hortense (Murrill) Vellinga, Mycotaxon 83: 416 (2002) Fics 2A-p, 3 
BASIDIOMATA agaricoid. PILEUS 3-6.1 cm broad, slightly umbonate, 
conical to convex and flat at maturity; central disc yellowish brown 
(7.5YR5/8); surface dry, matt, scaly, scales furfuraceous, radially arranged, 
concentrated near the center and sparse towards margins; squamules present 
towards the margins, grayish (10Y7/2); margin slightly striate and cracked 
or wavy. LAMELLAE crowded, free, off-white (2.5Y9/2) to yellowish green 
(10Y9/4), with entire white edge. LAMELLULAE lengths variable. STIPE 9.1 
x 1 cm, cylindrical; base slightly broadening <1.4 cm; surface longitudinally 
striate; striations light yellowish brown (2.5Y7/4), slightly pink (10P7/10) 
at the site of attachment with the pileus and around the annulus. ANNULUS 
double, superior, persistent, having pinkish tint close to the stipe. CONTEXT 
soft, brittle, white, becoming pinkish (10P7/10) when bruised. 
BASIDIOSPORES [70/6/6] (6.8—)7.2-9.4(-10.8) x (5.3-)5.8-6.4(-6.8) 
um, Q = (1.2-)1.3-1.4(-1.5), avQ = 1.3, ellipsoid with rounded apex, thick 
walled; germ pore absent; dextrinoid, reddish in Congo red. Basrp1a (24-) 
24.8-31.2(-34.9) x (8.7-)9-10.3(-11.8) um, clavate, 2-4 sterigmata, most 
commonly 2-sterigmate. LAMELLAE EDGE Sterile. CHEILOCYSTIDIA (28.6-) 
35.2-58.9(-62.1) x (6.2—)7.3-9(-9.9) um subcylindric to slightly fusiform 
or very narrowly clavate. PLEUROCYSTIDIA absent. PILEIPELLIS hyphae 
(from the background) (4.2-)6.2-9.1(-10) um in diameter, long, cylindrical, 
frequently septate, branched; terminal elements clavate to narrowly clavate 
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FIGURE. 2. Chlorophyllum hortense basidiomata: A, B. LAH36664; C, D. LAH36661. 
Chlorophyllum molybdites basidioma: E, F LAH36660. Scale bars = 1 cm. Photographs by 
Mughees Hamid and Humaira Bashir. 
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FIGURE. 3. Chlorophyllum hortense [LAH36661]. A. Basidiospores; B. Basidia; C. Cheilocystidia; 


D. Pileipellis (hyphae from the background); E. Stipitipellis. Scale bars = 10 um. Drawing by 
Sana Jabeen. 
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forming a trichoderm, pale yellow from the disc and hyaline from the 
margins in KOH. STIPITIPELLIS hyphae (7.2—)8.2-10.2(-10.4) um wide, 
filamentous, branched, with narrow terminal cells, septate, clamped septa 
rare, hyaline in KOH. 


MATERIAL EXAMINED: PAKISTAN. PUNJAB, Gujranwala division, Narowal district, 
Bola Bajwa, 234 m asl, on soil, 14 August 2015, Humaira Bashir RN1S53 (LAH36661; 
GenBank MN577078); Lahore division, Kasur district, near BRB Canal, 218 m asl, 
on soil, 30 July 2019, Mughees Hamid S#3SJ45 (LAH36662; GenBank MW031274); 
S#7SJ37 (LAH36663; GenBank MW031275); S#6SJ44 (LAH36664; GenBank 
MW031276); 1 August 2019 Mughees Hamid S#28SJ38 (LAH36665; GenBank 
MW031277); 9 August 2019 Mughees Hamid S#63SJ42 (LAH36666; GenBank 
MW031278). 


Chlorophyllum molybdites (G. Mey.) Massee, 
Bull. Misc. Inf., Kew 1898(138): 136 (1898) FIGS 2 E,F, 4 


BASIDIOMA agaricoid. PILEUS 7.6 cm in diameter, spherical when young, 
plane when mature; margins slightly cracked; central disc plate-like, brownish 
black (7.5YR3/6) to dull yellow orange (10YR6/10); surface creamy white 
(5Y9/4), minutely pubescent with distinct brown fibrils and patches of 
squamules; squamules uplifted, dull yellow orange (10YR6/10), concentrated 
near the center. LAMELLAE free, crowded, regular, even, light green (5GY8/4), 
edges entire. LAMELLULAE three tiered. STIPE 6.3 x 0.8 cm, cylindrical, straight 
to bent, slightly bulbous at the base, light brown (10YR5/6) to dark brown 
(10YR3/6), central to the pileus; surface smooth, dry, glabrous. ANNULUs double 
edged, edges ruptured, persistent, fixed, central to the stipe, upper surface 
white, lower surface brown. CONTEXT slightly tough, and hard particularly of 
stipe, white, becoming pinkish (10P7/10) when bruised. 

BASIDIOSPORES [20/1/1] (8.6-)9.3-12.2(-12.5) x (6-)6.6-7.7(-7.8) um, 
Q = (1.2-)1.3-1.5(-1.6), avQ = 1.3, ellipsoid to amygdaliform, smooth, with 
truncate apex and visible germ pore and prominent apiculus, thick-walled, 
dextrinoid, pinkish in Congo red, light green in 5% KOH. Basrp1a (22.8-) 
24-28.6(-29.6) x (10.1-)10.6-13.5(-14) um, clavate, 2-4 sterigmate, thin- 
walled. LAMELLA EDGE Sterile. CHEILOCYSTIDIA (20-)24.3-28.8(-31.1) x (7.6-) 
8.3-10.2(-11.7) um, clavate to broadly clavate or sphaeropedunculate, hyaline 
to yellowish in KOH. PLEuROcysTIDIA absent. PILEIPELLIS (hyphae from the 
background) trichoderm, hyphae forming a palisade of cells (7.6-)10.1-14 
(-14.7) um in diameter, apical cells narrowly clavate and slightly long, pale yellow 
to brownish from the central disc and hyaline from the margins in 5% KOH. 
STIPITIPELLIS hyphae (3.5-)4.9-8.3(-8.8) um wide, filamentous, branched, 
frequently septate, clamped septa rare, broad terminals, hyaline in KOH. 
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FIGURE. 4. Chlorophyllum molybdites |LAH36660]. A. Basidiospores; B. Basidia; C. Cheilo- 


cystidia; D. Pileipellis (hyphae from the background); E. Stipitipellis. Scale bars: A-C = 10 um; 
D, E = 20 um. Drawing by Sana Jabeen. 


E =—— 
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MATERIAL EXAMINED: PAKISTAN. PUNJAB, Gujranwala division, Narowal district, 
Bola Bajwa, 234 m asl, on soil, 14 August 2015, Humaira Bashir RN2 (LAH36660; 
GenBank MN577080). 


Discussion 

Two Chlorophyllum species from Kasur and Narowal district, Punjab, 
Pakistan have been identified. Both species have brown scales on the cap, 
which differ slightly in shape, but the main differences are in the color of the 
lamellae, spores, basidia, and cheilocystidia. 

Chlorophyllum hortense was previously known under different species 
names in multiple genera including Lepiota (Pers.) Gray, Leucoagaricus 
Locq. ex Singer, and Macrolepiota Singer, until Vellinga (2003a) used 
molecular data and placed the taxon in Chlorophyllum. It is placed in 
C. sect. Ellipsoidospororum, characterized by slender basidiomata having 
furfuraceous squamules on the pileus, ellipsoid basidiospores without a germ 
pore, and subcylindric to slightly fusiform cheilocystidia (Ge & al. 2018). 
This species can be separated from other taxa in C. sect. Ellipsoidospororum 
by its white basidiomata, ellipsoid basidiospores with a rounded apex and 
lack of a germ pore, frequent 2-spored basidia, and subcylindric to fusiform 
cheilocystidia (Ge & al. 2018). It should be noted that although 2-spored 
basidia are rare in the Agaricaceae, we have frequently observed 2-spored 
basidia both previously and during this investigation. These specimens 
showed remarkable similarity with previous descriptions of the species 
by several workers from different parts of the world (Murrill 1914, Pegler 
1983, Aberdeen 1992, Akers & Sundberg 1997, Vellinga 2003a, Ge & Yang 
2006, Nascimento & Alves 2014, Alves & al. 2016). Clamp connections 
were also observed in the stipitipellis of Pakistani collections. Distinct 
clamp connections were reported by Akers & Sundberg (1997) and Vellinga 
(2003a), but not observed by Pegler (1983) and Ge & Yang (2006). 

Chlorophyllum hortense is widely distributed and known (under various 
names) from Africa, Asia, Australia, and North and South America (Murrill 
1914, Dennis 1952, Aberdeen 1962, 1992; Smith 1966; Heinemann 1973; 
Pegler 1983, 1997; Franco 1994; Akers & Sundberg 1997; Vrinda & al. 1999; 
Hemmes & Desjardin 2002; Vellinga 2003a; Sobestiansky 2005; Ge & Yang 
2006; Gimenes 2007; Farook & al. 2013; Nascimento & Alves 2014; Alves & 
al. 2016). 

Chlorophyllum molybdites |= C. esculentum Massee, the generic type] is 
characterized by olive to greenish-white basidiospores with a truncate apex, 
broadly clavate to sphaeropedunculate cheilocystidia, and a palisade-like 
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pileus covering of hyphae with terminal clavate to subfusiform elements 
(Ge & al. 2018). The specimen identified as C. molybdites during this 
investigation showed similar characters as described by Pegler (1983), De 
Meijer & al. (2007), Alves & al. (2016, 2019), and Bijeesh & al. (2017). It is 
characterized by the green lamellae and green basidiospores (>10 um) with a 
truncate apex and a prominent germ pore (Ge & al. 2018, Alves & al. 2019). This 
species is considered toxic and causes gastrointestinal distress; the symptoms 
can be quite serious. The toxicity of this species may depend upon climatic 
conditions, habitat alone, and the susceptibility of the individual (Graff 1927, 
Pegler 1983, Reid & Eicker 1991, Lehmann & Khazan 1992; Benjamin 1995). 
This species has been reported worldwide (Reid & Eicker 1991). 

Chlorophyllum molybdites has been reported previously in the cold desert 
climate of Gilgit-Baltistan, Pakistan (Razaq & Shahzad 2012). Photographs 
by Razaq & Shahzad (2012) show a specimen with persistent scales that are 
grayish rather than dark brown and the lamellae appear white, which also 
differs from previous descriptions of C. molybdites. Since Razaq & Shahzad’s 
(2012) identification was based solely on macroscopic characters without 
detailed anatomical observations and lacking a herbarium specimen and 
phylogenetic analyses, their Pakistan report of C. molybdites cannot be 
authenticated. 

Chlorophyllum rhacodes (Vittad.) Vellinga [= Macrolepiota rhacodes 
(Vittad.) Singer] has also been reported from Pakistan (Razaq & Shahzad 
2012, as Macrolepiota). Chlorophyllum rhacodes can be identified by large 
basidiomata with darker pileus scales and a bulbous stipe with a double 
crowned annulus. Anatomically this species can be distinguished from 
other Chlorophyllum species by its large, broad (10-35 x 8.5-25 um) 
sphaeropedunculate cheilocystidia. Its basidiospores are 8.8-12.7 x 5.4-7.9 
um with a rounded to truncate apex and visible germ pore, and its pileipellis is 
a tightly packed hymeniderm of cylindrical and flexuous, or narrowly clavate 
or narrowly lageniform elements (Vellinga 2003b). The Pakistani collection 
identified as Macrolepiota rhacodes by Razaq & Shahzad (2012) shared some 
features with the type specimen, including the larger basidiomata with 
dark brown scales, double crowned annulus, a stipe with bulbous base; and 
the spore shape and size (Razaq & Shahzad 2012). We can conclude that 
M. rhacodes described by Razaq & Shahzad (2012) probably represents 
C. rhacodes; but again, without an herbarium specimen, we cannot obtain 
the detailed description and molecular phylogeny necessary to authenticate 
this record. 
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This investigation reports C. hortense as a new record from Pakistan 
and confirms the occurrence of C. molybdites from Pakistan, based on 
detailed morphological descriptions and molecular phylogenetic evidence. 
Occurrence of Chlorophyllum species in Pakistan considerably extends their 
known distribution into warm semi-arid and humid subtropical regions. 
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